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Abstract 
This work studied the flow behaviour of microfluidic-based acoustic sensor at a region where the flow of fluid was considered to be 
significant in determining the overall flow behaviour of the system flow in microchannel. The study was carried out based on finite 
element model (FEM) using ANSYS multiphysics package. Two structural parameters, reservoir or chamber height and the number of 
microchannel were used as the varying parameter. The flow behaviour was then analysed based on pressure distribution, velocity contour 
and velocity vector for a single and dual microchannel configuration with different reservoir height. The height was varied in the range of 
20 to 100 μm due to limitation in the thickness of mold material during fabrication. Simulation results reveal that the flow response was 
not critically affected by the chamber height, whereas the dual microchannel configuration had an approximately a factor of 2.8 higher in 
terms of its flow velocity compared to the single microchannel configuration. This effect was referred as an amplification factor of the 
flow response due to this structure variation. 
. 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Centre of Humanoid Robots and 
Bio-Sensor (HuRoBs), Faculty of Mechanical Engineering, Universiti Teknologi MARA. 
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1. Introduction 
Microfluidic technology seems to bring a big impact in many fields such as biomedical, chemical and pharmaceutical 
[1,2]. The advancement in microfabrication technology has enabled the minituarisation of many electronic and mechanical 
devices. With this advancement, various sensors and actuators can be developed in microsize range with certain degree of 
improvement in their performance such as in terms of its portability, weight, power and the ability to be mass produced to 
reduce the production cost [3,4].  Microfluidic based acoustic sensor takes the advantage of microfluidic principles in 
realising a structure that can sense the acoustic pressure signal variation. It work based on the variation of membrane 
deflection upon the application of such signal onto it [5, 6]. This deflection then creates the movement of microfluidic 
element or liquid inside the microchannel where the sensing mechanism will be taking place.  Capacitive mechanism is used 
to sense the variation by producing certain signal upon the variation of the overlapping area between the liquid and the 
electrode inside microchannel [7,8].  
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Fig 1: Microfludic-based Acoustic Sensor (single microchannel structure) 
 
The device performance is found to be depending on many factors related to the structural and materials specification. 
Structural design such as the membrane dimension, shape and thickness, reservoir height, microchannel and elecrodes size 
are among the parameter need to be finalised in the design. Material wise, proper selection of the membrane and liquid 
material are critical to optimise the performance of the device [9,10]. The scope of this work however will only focus on 
studying the reservoir height variation effect on the flow response for different number of microchannels. 
 
1.1 Reservoir or liquid chamber 
As depicted in Fig.1, liquid will be injected into a chamber called reservoir.The height of reservoir becomes the main 
interest parameter in this work and the effect of this will be analysed for different number of microchannels. Simulation 
works need to be carried out to obtain the relationship between the reservoir height and the flow at the selected region of 
interest. This is due to some limitations of SU-8 thickness specification in mold making process using softlitography 
technique[11]. The variation in SU-8 height fabrication capabilities determines the maximum height of reservoir structure 
that able to be fabricated [12,13]. 
 
 
1.2 Microchannel 
Sensing mechanism will take place inside the microchannel. Size of the microchannel affects the flow in the sense of 
controlling the amount of liquid entering it. In microfluidic, the microscale size of the channel is important to maintain the 
laminar flow of the liquid [14] upon certain acoustic signal pressure. Different number of microchannel is also possible in 
microfluidic fabrication process which enables the flow behaviour to be modified accordingly. Increasing the number of 
microchannel will ease the liquid flow, thus increasing the amount of liquid forced into the microchannel whenever the 
acoustic pressure is applied onto the sensing membrane. This in turn will increase the sensing sensitivity due to larger 
amount of liquid entering the microchannel, which increase the overlapping area between the liquid and sensing electrodes. 
The changing of overlapping area of the flowing liquid above the electrodes will modify their capacitance which then used 
as the sensing parameter. 
2. Methodology 
This work investigates on the flow response of microfluidic element or liquid in the device structure based on several 
parameter variation. ANSYS 12.1 software was used for the task. The region of interest was selected to be at the beginning 
of microchannel as the velocity at the region determines the flow characteristics inside the microchannel (see Fig. 2). The 
flow response of liquid material at the region of interest was simulated at a fix membrane dimension and microchannel 
height. The process was carried out for two types of structure configuration; a single and dual microchannel configuration. 
The 2D model of both structures is given in Fig.2. For both types, the chamber height was varied in the range of 20 to 100 
μm with the applied pressure was selected to be 1.8 μPa at the membrane and 0 μPa at the microchannel end. 
 
 
Flow Direction
Microchannel
Reservoir      
(Containing liquid) 
PDMS Stamp 
Acoustic Signal 
Substrate
PDMS Membrane 
Sensing Electrodes 
232   M.F.A. Rahman et al. /  Procedia Engineering  41 ( 2012 )  230 – 236 
 
 
 
 
 
(a) 
 
 
 
(b) 
 
 
Fig. 2: 2D FEA model of (a) a single and (b) dual microchannel microacoustic sensor 
 
Due to simpler fabrication process offered by softlitography technique, polymer based material such as 
Polydimethylsiloxane (PDMS) was selected as the membrane. For liquid material, methanol was found to be suitable based 
on our previous simulation work that investigated the pressure to flow response for different suitable liquid candidates.  
Material properties and dimension specification of the structure are given in Table 1 and 2. 
 
      Table 1: Material specifications 
Membrane:PDMS Liquid:Methanol 
Density 
(10-15kg/μm3) 
Y.Modulus  
(MPa) 
Density  
(kg/μm3) 
Viscosity  
(μm2/s) 
970  0.36-0.87 0.79 x 10-15 0.74 x 105 
 
      Table 2: Structure specification for single and dual microchannels 
Reservoir height range 
(μm) 
Membrane diameter 
(μm) 
μchannel height 
(μm) 
μchannel length 
(μm) 
20-100 400 10 600 
 
The flow characteristics were analysed by obtaining the nodal data solution at particular point of interest region. This 
includes the computation of the pressure distribution and velocity profile of the designed model. Several assumptions were 
made in order to simplify the problem. The applied pressure was assumed to be representing the pressure based acoustic 
signal and the membrane was selected to be in circular shape. In order to avoid the changes of fluid volume during 
operation, the incompressible model flow was assumed. In addition, the effect of the sharp corner near to the region of 
interest was also ignored by assuming that there was no turbulence at this region. 
3. Results 
3.1 Pressure Distribution 
 
(a) 
 
(b) 
 
Flow response region 
of interests 
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Fig. 3: Pressure distribution of a)  single μchannel with 100 μm chamber height b) single μchannel with 20 μm chamber height c) dual μchannel with 100 
μm chamber height  d) dual μchannel with 20 μm chamber height 
 
Fig. 3 shows the plot of pressure distribution for the single and dual microchannel structure, with minimum and 
maximum reservoir height (20 μm and 100 μm respectively). The plot shows the pressure behaviour inside the device when 
pressure difference was applied between the membrane and the microchannel end. This plot is significant in predicting the 
internal flow behaviour inside the microchannel. The main observations are as follows: 
 
x Pressure difference between the sensing membrane and the region of interest (microchannel start): For the single 
microchannel, the pressure difference between the membrane and interest region is nearly 0.8 μPa. For dual 
microchannel the difference is in the range of 1.4-1.6 μPa. Higher pressure difference indicates the possibility of having 
higher flow velocity at the region of interest. 
 
x Pressure gradient or the change of pressure inside microchannel:  For the single microchannel, the pressure gradient 
inside the microchannel is about the same, decreasing from 1 μPa (microchannel start) to 0 μPa (microchannel end). 
This suggests that the chamber height does not have much effect on pressure variation along the microchannel for this 
specific configuration.This is depicted in Fig. 3(a) and 3(b). Compared to single microchannel, dual microchannel has a 
slightly different distribution (Fig. 3(c) and 3(d)).  At maximum height, the pressure is the same along the 
microchannel, while for minimum height, the pressure only differs slightly from around 0.4 μPa(start) to 0 μPa (end). 
Low pressure gradient inside the microchannel will cause a weak flow, thus can reduce the sensing response of the 
actual device. 
 
3.2 Velocity contour 
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Fig. 4: Velocity contour of a)  single μchannel with 100 μm chamber height b) single μchannel with 20 μm chamber height c) dual μchannel with 100 μm 
chamber height  d) dual μchannel with 20 μm chamber height 
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For the single microchannel configuration (Fig. 4 (a) and (b)), the velocity flow at the region of interest are similar, 
which is 0.210E-04 μm/s indicating that the height is not an affecting factor. For 20 μm reservoir height, this value is 
maintained along the microchannel. Meanwhile, for dual configuration structure (Fig. 4 (c) and (d)), the velocity contour 
plot at the region of interest give different velocity value. The values for 20 μm and 100μm reservoir height are 0.586E-04 
μm/s and 0.528E-04 μm/s respectively. It shows that 20μm reservoir height (4(d)) gives a higher velocity flow at the region 
of interest. This indicates that the less the reservoir height used, the higher flow response it will offer. Along the 
microchannel, both reservoir heights seem to maintain their velocity. The discrepancies between both structures 
configuration might due to the number of finite element used in the simulation. 
 
3.3 Velocity vector 
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Fig. 5. Vector plot of a)  single μchannel with 100 μm chamber height b) single μchannel with 20 μm chamber height c) dual μchannel with 100 μm 
chamber height  d) dual μchannel with 20 μm chamber height 
 
The velocity vector is used to investigate the flow pattern of the liquid inside the model for each structure configuration 
with different range of chamber height. As expected, for dual microchannel structure, the flow is found to be distributed 
almost symmetrically. By ignoring the sharp corner near the microchannel starting point, the flow pattern at the region of 
interest for all structure also seems to have laminar type of flow. This type of flow is partly due to very small velocity occur 
across the structure. The plot also enables the exact value of velocity at any point of interest to be obtained. By extracting 
the velocity at the node located at the beginning of microchannel, the flow velocity of the liquid entering the microchannel 
can be predicted. This in turn will enable prediction of overlapping area between the liquid and the sensing electrodes.  
 
4. Discussion and Analysis 
All discussions are mainly focused on the flow occurs at the region of interest, which is located at the beginning of 
microchannel. For both structure, the maximum velocity can be considered to occur at the interest region, indicating the 
importance of the data to be taken at this region to predict the flow behaviour inside the microchannel. The nodal data at 
that region can also be used to predict the flow amplification factor of different structure configuration. Amplification factor 
represents the flow ratio between the dual and single microchannel configuration at different height of reservoir. As from 
the plots, both configuration display some differences in velocity value which leads to the amplification factor to be 
attained. 
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Fig.6. Flow response for both structure with different chamber height (Applied pressure =1.8uPa) 
 
Fig. 6 shows the flow velocity at region of interest for both single and dual microchannel when the reservoir height is 
varied between 20 to 100 μm. The plot indicates: 
 
x For both structures, varying the height between 20 to 100 μm seems not to cause dramatic change on the flow response 
at the interests region. For the single microchannel, the flow velocity varies from 1.83E-05 to 2.07E-05 μm/s, with 
average value of 1.93E-05 μm/s. Meanwhile, for the dual microchannel configuration, flow velocity varies from 4.57E-
05 to 6.21E-05 μm/s, with average value of 5.31E-05 μm/s. The fluctuation in these values is might due to the number 
meshing element used during simulation.  
 
x The dual microchannel configuration has higher average flow response with approximately with a factor of 2.8. This 
ratio could be considered as the flow amplification factor due to different number of microchannel. 
 
x For both configurations, the average flow indicates a very small velocity is produced at the start of microchannel in 
response to specific pressure signal. This implies that the flow inside the microchannel is within the laminar flow region 
due to small Reynolds number. 
 
5. Conclusion 
This work has contributed to several finding related to the structural effect of the pressure-based sensor that works on the 
basis of microfluidic technology. The pressure-based signal can represent any signal that is generated from the pressure 
differences such as an acoustic signal. Analysis has shown that the dominant factor determining the flow response at the 
region of interest is due to microchannel number rather than the reservoir height. The region of interest is selected as this is 
the point that determines the overall flow behaviour inside the microchannel, thus affecting the sensing response and 
sensitivity. Very small flow velocity at the region of interest also indicates that the overall flow inside the microchannel is 
laminar along the microchannel, thus validating the initial assumption that we made on the type of flow. 
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